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GENETIC MATERIAL FOR EXPRESSION OF 
BIOTIN SYNTHETASE ENZYMES . 

This invention relates to the use of recombinant genetic material 
(ie DNA sequences) for the expression of enzymes of the biotin synthe- 
tic pathway from micro-organisms, in particular from micro-organisms 
such as Escherichia coli . The invention also relates to micro-organis- 
5 ms which have been genetically transformed by introduction into them 
of such genetic material. 

Biotin, (also known as vitamin H) has the structure (l): 
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It is probably an essential component of all living cells. 
Consequently it is a useful component of nutrients, especially 
10 of nutrients for those organisms which suffer from a deficiency of 
biotin, or which are unable to synthesise biotin effectively from 
their foodstuffs, for example certain yeasts and all mammals. 

Biotin may be produced via synthetic organic chemistry but this 
is difficult and expensive. It is desirable to produce biotin bio- 

15 synthetically from micro-organisms which are able to synthesise it 
from cheap starting materials such as glucose etc. In recent years 
the new technology of genetic engineering has become available 
whereby the genes of convenient micro-organisms may be modified by 
the introduction of genetic material which causes them to express a 

20 desired biosynthetic product which may then be harvested from a 
culture of the micro-organism. 



Such genetic material is generally introduced into the micro- 
organism in the form of a piasmid, ie a circular length of extra- 
chromosomal DNA that is capable of autonomously replicating itself ^ 
within the organism as the organism reproduces itself by cell division. 
Alternatively the genetic material may be integrated into the chxomos- 
ome by recombination. 

The prokaryotic micro-organism Escherichia coli is able to 
synthesise biotin from the simple precursor pimelic acid via the 
metaDolic parhvay shown in figure 1. In the course of this pathway 
five enzymes are involved, one for each biosynthe tic step- These five 
enzymes are each the expression product of a portion of the biotin 
operon, the portions being described as the genes bioA, bioB, bioF, 
bioC, and bioD. The identity of the enzymes expressed by these genes 
ITTiso shown in fig. 1. Eerein "biotin synthetase" is used 
collectively for the expression products of all five genes of the 
biotin operon, but normally this term is used only for the product 
of bioB. 

The entire biotin operon of E. coli , located between the 
bacteriophage A attachment site and uvr-B gene loci at approximately 
IT minutes on the E. coli generic map (3achmann and Low, 1980) has 
already been cloned from bic-ir.-trar.sducing X Phage (Das Gupta 
et al . , 1978; Cohen et al ., 1978). It comprises five closely linked 
complementation groups corresponding to the genes bioA, bioB, bioF, 
bioC and bioD which are divergently transcribed from two overlapping 
promoters (Cleary et_al. , 1972). This promoter region has been 
sequenced (Otsuka and Abelson, 1978; Barker et_al. , 1981). The 
leftwards transcript contains only the bioA gene whilst the 
rightwards transcript contains the remaining four genes (Guha et_al. , 
1971) with bioB as the first translational product of the rightward 
transcript . 

The bioB gene product has an estinated molecular weight of 
36,000 Da (Dottin etal. 1975) and performs the dual function of 
catalyzing the incorporation of a sulphur atom into dethiobiotin with 
the loss of two protons and concomitant ring closure to form biotin. 

Attempts have been made to improve the ability of E. coli to 
produce biotin by genetic modification. For example WO 87/01391 
describes a method whereby the entire bioA - bioD sequence is 
isolated from an E. coli piasmid pLC2523, ligated with other DNA 



and then reintroduced into E. coli . Jr-A 60/U292S describes a 
similar method. J? -A 272605/8^ describes a method whereby pLC 25-2^ 
is cleaved to isolate a fragment containing an E. coli bioB and part of a 
bioF gene positioned between linkers, which is then ligated into 
various plasmids which are suitable vectors for transformation of 
E. coli . Evidence is presented in JP-A 272605/8** that the ability 
of E. coli to convert dethiobiotin to biotin is improved when that 
organism is transformed with these vectors. 

Another class of micro-organism which is widely employed in 
industrial biotechnology, including the long established arts of 
brewing, winemaking, baking etc is the yeasts, such as Sac char omyces 
cerevisiae . Yeasts are eukaryotic organisms. 

Sacch. cerevisiae is unable to synthesise biotin from simple 
precursors such as glucose or pimelic acid and therefore is not 
believed to contain all the enzymes of the normal biotin biosynthetic 
pathway. It does however, by inference from supplementation experim- 
ents with intermediates of the pathway in the absence of biotin, 
contain the final three enzymes, which perform a function equivalent 
to bioA , bioD and bioB of £. coli (Eisenberg 1973). 

EsltIy work on the conversion of dethiobiotin to biotin by this 
yeast (Niimura et al . , 196^; demonstrated that exposure in the 
culture medium to dethiobiotin at concentrations greater than 
2 x 10"^ M (^50ug l* 1 ) decreased any subsequent biotin formation, a 
phenomenon which was ascribed to enzyme repression (Eisenberg, 
1973). Although no more is known specifically about the regulation 
of biotin biosynthesis in Sacch. cerevisiae . it is clear that this 
step forms a major physiological block . 

Eukaryotic organisms are substantially more complex than pro- 
karyotic organisms, and this is reflected in the relative complexity, 
size and organisation of their genetic material. Whilst prokaryotes 
generally contain a single circular chromosome, eukaryotes often contain 
several chromosomes in their nucleus as well as mitochondrial DNA. 
There is therefore no -prima facie reason to expect that a gene could 
be transplanted from a prokaryote into a eukarycte to achieve the 
same expressive effect in the latter. 
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The g. coli biotin operon is polycistronic . This means that 
the four genes of the rightwards transcript are translate! in taniem 
form from the same ? NA messenger molecule, rather than being produced 
individually. In addition there are likely to be attenuation sequences 
located between the genes of the S. coli operon which modify the quan- 
titative efficiency of expression of each gene product. In this way 
the operon produces each biotin synthesase enzyme in a controlled qua- 
ntity appropriate to the rate at which it performs its function so 
that biotin is synthesisei at the rate at which E- coli requires it. 
By isolating the genes separately in the form of "cassettes" this 
level or" control is removed and higher expression can be achieve-. 

Transcription in E.coli is controlled by the bir A gene of the 
E . coli chromosome. Additionally there are located in upstream 
positions relative to each E. coli biotin gene the appropriate 
15 shine delgano (SD) sequences vhich help to initiate the translational 
process carried out by the ribosome. The necessity for these DNA sec- 
ences in the S.eeli biotin caeron to control the activity of the 
five biotin genes suggests that these genes are precisely adapted 
to the synthesis of biotin by E. coli and that incorporation into 
20 other organisms would not produce a useful result. 

Research into the effect of incorporation of the individual 
E. coli bio genes into organisms other than E. coli , and 
exploitation of such incorporation in industrial biosynthesis is at 
present hindered in practice by the unavailability of these 
25 individual genes in a form isolated from the other genes and from 
genetic material vhich is specific to E. coli . 

It is an object of the invention to provide genetic material 
vhich may be introduced into microorganisms such as Sacch. cerevisiae 
to improve their ability to synthesise biotin. It is also an 
object of the invention to provide biotin genes in a form free of 
extraneous E. coli genetic material. 



30 



35 



According to a first aspect of the invention there is provided 
a novel plasmid, capable of replication and expression in an organism 
other than E.coli , ani containing one or more derived genes, being 
derived from an E. coli bioA , bioB , bioC, bioD or bio E cene, 

5 By the term "derived gene " herein is meant a gene that 

expresses the same product or a product having the same or 
substantially the same biochemical function as that expressed by the 
gene from which it is derived, and vhich either has .the same DNA 
sequence as the gene from vhich it is derived, or vhich has a high 

10 degree of conformity to the DNA sequence of the gene from vhich it 

is derived, eg 10% or more, or vhich contains degenerate or preferred 
codons in place of the equivalent codons of the gene from which it is 
derived, or contains extra bases or lacks some bases relative to the 
gene from which it is derived. 

15 In a preferred embodiment the term "derived from" includes a 

gene vhich is derived from the E . coli gene and has its codon 
sequence modified in favour of the other organism. Such Modification 
is a consequence of the degeneracy of the genetic code, in that a 
number of codons may express the same amino acid, and vhereas E. coli 

20 may use preferred codons for each amino acii encoded in its genes, 

another organism may use a different but degenerate set of colons to 
express the same amino acids. A derived gene modified in favour of a 
particular organism therefore has such alternately preferred codons in 
place of those used by the gene from which it is derived. 

25 An example of an E. coli bioB gene modified in favour of 

expression in the yeast Sacch. cerevisiae is listed in table 1. 

The plasmid is preferably capable of replication and expression 
in yeasts, fungi, lactobacillus ani other bacteria, 
but especially in yeasts, particularly Sacch. cerevisiae and will 

30 therefore contain suitable control DNA sequences operatively linked to 

the gene, including transcription / translation, promoter and terminator 
DNA sequences appropriate to the organism concerned. Suitable 
additional genetic material vhich may be combined vith the gene to 
form a plasmid capable of replication ana expression in a particular 

35 micro-organism vill depend upon the nature of the micro-organism. 

Certain plasmas ol this aspect o' the invention may also be capable 
of- replication and expression in E. coli as well as the other organism. 



In the case of yeasts, preferred additional genetic material is the 
known nlasmi^s pMA91. pMA~6c or preferably ?KVU 9 . ani the pUsmiA may 
therefore consist of pMA91. V^3^ or pKV^9 having the gene inserted 
into a suitable restriction site therein. In the case of Iactotecillus, 
5 suitable genetic material includes the known plasmid pCK965, and the 
plasmid may therefore consist of this plasmid having the gene 
inserted into a suitable restriction site, eg the poly linker site 
therein. The restriction map of pCK 9 65 is shown in Fig 9. 

Other known plasmids which are capable of replication in yeast 

10 lactobacillus or other organisms may also be used. Suitable 

transcription/translation promotors for use in yeast include Trp, 
Gap, Pho 5, Gal 1-10. Pal ani FGK. 

In the plasmid of the first aspect of the invention, the gene(s) 
may be linked at the end(s) into the plasmid via known linkers or 

15 adaptors. Conveniently these may be linkers or adaptors which allow 
easy excision of the gene from the plasmid by the use of appropriate 
restriction enzymes, and reinsertion of the gene into other genetic 
material, eg. other plasmids, by the use of suitable ligating 
enzymes. In this embodiment of the- invention the plasmid provides 

20 the gene in a form which allows easy insertion inxo other micro- 
organisms, via appropriate plasmids. Particularly suitable linkers 
are BgUI and/or BamHl linkers. 

As well as containing the gene, linkers, expression and 
replication operators, the plasmid may also contain other genetic 

25 material which is coding or non-coding, for example genetic markers 
to enable easy selection during cloning operations eg. resistance to 
antibiotics such as ampicillin or tetracycline. 

In a preferred embodiment of this first aspect of the invention 
the plasmid is substantially free of any E. coli genetic material 

30 from the biotin operon which is other than directly coding for the 

bioA, bioB , bioC, bioD or bioF gene or genes contained in the plasmid. 
It is particularly preferred in this case that the plasmid contains no 
E. coli promoters, attenuation sequences. Shine £algarno sequences or 
fragments acting on these E. coli genes. When the plasmid contains only 

3! one bioA. B. C. D or F gene it is particularly desirable that no fxag- 
m nts of the other genes are present in the plasmid, and further that 
there sh uld be no ATG base sequence between the linker or adaptor y 
to the start codon of the gene. 
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The novel plasmids of the first aspect of the invention nay be 
used as vectors, that is they may he introduced into- a micro- 
organism in which they will replicate and express their gene 
product, in this case one of the biotin synthetase enzymes. 

5 Introduction of such a vector into a micro-organism may 

usefully modify the biosynthetic pathway by which biotin or its 
precursors ("vitamers") are synthesised within the organism. For 
example introduction of vectors containing bioC and bioF genes into 
yeast can be used to enable the yeast to grow in the absence of 

10 biotin, for example by enabling it to synthesise the two precursors 
pimelyl CoA and 7-keto-8-aminopelargonic acid. This has the potential 
for use as a novel selective marker for yeasts in fermentation. 
Many known selective markers rely on the presence of resistance to 
certain antibiotics in the strain being selected. Insertion of hioC 

15 and bioF genes would enable the useful possibility of selection of 
a strain that will grow in the absence of biotin. Similarly 
insertion of bioA , bio3 and/or bioD genes into yeast can supplement 
the activity of the corresponding genes already present in the 
yeast. In such ways the yield of biotin from an organism which 

20 exports biotin may be improved, or intracellular levels increased g in 
some cases substantially, and the ability of an organism which lacks 
the ability to synthesise biotin for its own use to grow in a medium 
containing little or no biotin may be improved. 

In the course of synthesis of the plasmid of the first aspect of 

2 C 

^ the invention (see below) other useful novel - plasmids are provided. 
In particular according to a second aspect of the invention there is 
provided a plasmid containing one or more derived genes, being 
■erived "rom an H._£oli bio A bioB bioC bio. 3 or bio? gene and 
containing no E.coli control sequences in a position to act on 

30 

said derived gene. The derived gene is preferably linked into 
the plasmid via synthetic linkers. 
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5 As well as containing the gene and the linkers, the plasmid of 

this second aspect of the invention may also contain additional DNA, eg 
it may contain control sequences located upstream and/ or -iovmstream 
of the gene such as the yeast promoters mentioned above- Preferably 
the gene is linked into the plasmid by linkers or adaptors which are 

10 positioned as close as possible to the 3' and 5 f end of the gene, so 
that as little non-coding DKA as possible is included with the gene 
and any control sequences which are present between the linkers. 
Preferably linkers are chosen that may be conveniently cleaved by 
restriction endonuclease enzymes, to excise the gene embodied in a 

15 DKA sequence having ends which may then be conveniently ligated into 
other genetic material, such as the yeast pMA91 , pMA36c ani pref- 
erred pKV^9 plasmids referred to above, or into E.coli expression 
vectors with promoters such as those of pKK223-3 or pER720 available 
from Pharmacia LK3 Biotechnology, S-751 32 Uppsala, Sweien- Pre^erre-; 

20 linkers are Bam HI an: Bgl II. 

The plasmid of this second aspect of the invention advantageously 
provides the gene it contains in the form of a "cassette" which can 
be easily excised and then reinserted into other genetic material. 
If the regulatory control signals are absent from the 3' and 5' ends 

25 the gene may be inserted in different transcriptional orientations 
relative to their orientation in the £. coli chromosome, and 
combined with other regulatory signals to produce an artificial 
operon . 

The plasmid of the first or second aspects of this invention 
30 may contain one or more of the derived genes referred to above, but 
conveniently to enable the properties of a single gene to be 
investigated it contains only one such gene, for example bioB, bioC , 
bioF etc. 

Using such a cassette, the gene(s) it contains may be inserted 
into for example other plasmids (which may be plasmids of the first 
aspect of the invention) or into the chromosome of an organism. 



The plasmids of the above aspects of the invention may be used 
to transform microorganisms, using known transformation techniques. 
As a further aspect of the invention therefore a novel microorganism 
is provided, comprising a known microorganism which has been trans- 
formed by insertion of a plasmid of the invention. The known micro- 
organism may for example be a yeast, [Lactobacillus or other bacillus 
or E. coll , but is preferably a yeast, for example Sacch. cerevisiae . 
Yarrowia lipolytica an.! Pi chia sp . 

Plasmids according to the first and second aspects of the inven- 
tion may be prepared by the method generally described below: 

(1) The known phasr e Charon ^A is used to take up the whole of 
the biotin operon, containing the bioA, bioB , bioF, bioC and bioD 
genes from 5. coll . 

(2) The DNA containing the biotin operon is isolated from the phage, 
for example by phenol extraction and ettenol precipitation. 

(3) A length of the DNA known to contain the operon is excised 
using restriction enzymes, for example EcoRI and Hind III, and 
the fragment containing the operon is isolated, for example by 
zel electrophoresis. 

(M The fragment from (3) is combined with a suitable plasmid 
for cloning eg pUC8. The combined plasmid and fragment are 
cloned. Clones containing the combination are selected, and the 
combined DNA is isolated. 

(5) By the use of appropriate known restriction enionuclease en- 
zymes, ligation enzymes anr. cloning techniques, including .sequen- 
cing and the polymerase chain reaction ("PCE"). the five genes bioA. 
bioB . bioC , bioD and bioF nay be separated from each other and from 
E. coli DNA and inserted into other genetic naterial to form the 
novel plasmids of the invention. 

A gene having its sequence modified in iavour of another organism may 
be synthesised using known DNA synthesis techniques. It may then have 
suitable synthetic linkers such as Bam HI and/or 5gl II ligatec on at 

its 3* and 5 f ends, by means of which it may be inserted into genetic 
material to form a plasmid of the first and second aspects of zhe inven- 
tion usine conventional techniques. 



The invention will nov be described by vay of example only 

with reference to the following figures. 

Fig 1. shows the biosynthetic pathway for synthesis of 

biotin from pimelic acid. The role of the biotin 

5 synthetase genes is shown together with the 

expression product of the genes. 

Fig 2. shows the restriction map of plasmid plH7. 

Fig 3. shows the procedure for preparation of plasmids 

10 pBioAI, pBioAHand a plasmid pMA91-BioA. 

Fig k. shows the restriction map of plasmid pBioAII. 

Fig 5. shows the preparation of plasmids pMA91^^ 

and pMA/36c^. 
Fig 6. shows the preparation of plasmids ptrpBioC, 

pMA91BioC and pMA36BioC 

Fig 7. shows the preparation of plasmids ptrpBioDI, 

pMA91BioD and pMA36BioD 

Fig 6. shows the preparation of plasmids pMA91BioF 

and pMA36BioF 

20 Fig 9. shows the restriction map of plasmid PCK965, which 

is a lactobacillus expression vector. 
Fig 10* shows the incorporation of the individual bio A , bio B , 
hio C , bio 0 , bio F genes into a yeast expression vector 
pKV 49, 

25 in the following examples the following materials and 

methods were employed. 
Microorganism strains 

Escherichia coli strain JM 83 (known strain: ACTT 35607)- 
( ara, A ( lac-proAB) thi, strA, 0 80, 

°° lacZm M 15) used routinely was kindly provided try R James of the 
University of East Anglia, Norwich, UK, whilst Saccharogyces 
cerevisiae (NCYC 1527 ( alpha ) ( leu2-3 , leu2-112 , ura ? t 
his3-ll , his3-15 trpl ) was obtained from the Rational 
Collection of Yeast Cultures, AFRC Institute of Food Research, 

-5 Norwich. 
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Cult xire media 

Escherichia coli was grown routinely in LB medium or a 
minimal medium with or without additions of ampicillin (lOOug 
ml" 1 )*^ -indoleacrylic acid (5 >i£ nil"*), dethiobiotin (2 yg ml" 1 ), 
or avidin (0.1 jig ml" 1 ) as required. Saccharomyces cerevisiae was 
grown either on YEPD or Vit-2 medium. The composition of the media 
were as follows (per L of water), LB: Bacto tryptone (10 g), 

Bacto yeast extract (5g), KaCl (lOg), pH 7.5. Minimal medium: 
glucose (2g), vitamin assay casaznino acids (2g), NagHPO^ (Tg), 
KE 2 P0 h (3g), NaCl (0.5g), NH^Cl (lg) Na^ (0.8g), MgSO^ (0,3g), 
CaC^ (20mg), thiamine HC1 (20mg) histidine KC1 (20mg), thymine 
(tOmg), proline (20mg), diaminopimelic acid (lOOmg), thymidine 
(^Omg). YEPD: Bacto yeast extract (lOg), Bactopeptone (20g), 
glucose (20g). Vit-2 medium: Bacto vitamin-free yeast "base (l6.7g), 
15 inositol (lOmg), Ca pantothenate (2mg), pyridoxine HC1 (O.^mg) 
thiamine HC1 ( 0. kmg) , nicotinic acid (O.itmg), para-aminobenzoic 
acid (0.2mg), riboflavin (0.2 mg), folic acid (2ug). 
Plasmids and phage 

Plasmid plH7 containing the whole biotin operon was prepared in 
20 our laboratory by insertion of an EcoRI-Hind III fragment from 
the A -bio transducing phage Charon kA (obtained from K Ellis 
AFRC, John Innes Institute, Norwich, UK) into the complementary 
polylinker sites of pUC8 (Vieria and Messing , 1982 ) . pMA91 was 
obtained from A J and S Kingsman, Dept Biochemistry, University 
25 of Oxford, Oxford, UK. 

DNA sequence determination 

Sequencing was performed by the Sanger dideoxy method (Sanger 
et_al, 1977; 1980) using 35 S- labelled nucleotides. Briefly, 
random restriction fragments obtained by digestion with Sau3A, 
?0 Taq I and Hpa II of the EcciRl/Hindlll fragment of plasmid 1H7 containing 
the entire operon isolated from an agarose gel by freeze squeezing ('feutz A 
Renz, 1983) were cloned into the appropriate polylinker sites 
of M13mpl8 and/or M13mpl9- Similarly, the C-terminus of the bioB 
gene was confirmed by sequencing from the Bgl II linker inserted 
35 into a deletion series prepared by Bal-31 digestion of Bgl II 
cut 1K7. 



Sequence data analysis was done by the DNA- sequencing program 
DNASTAR for ISM personal computers by DNASTAR Inc. 1801 University 
Avenue, Madison WI, 53705. 
Measurement of biotin 

Biotin was measured in the specific microbiological assay 
employing Lactobacillus plantarum NCIB 6376 by the method of 
Wright and Skeggs ( 19^ ) . 

Preparation of plasmids containing biotin genes 

1. Preparation of plasmid plH7 

The transducing phage charon^A contains the whole biotin 
operon from E. coli . The phage is phenol extracted with phenol 
equilibrated with TE(l0mM Tris-HCl, ImM EDTA pH 8.0), 
precipitated with 0,1 volume 3M sodium acetate pH 7.^ and 
2 volumes of etbanol, left at -20° for 30 minutes and 
centrifuging at 12,000g for 30 minutes at k°C. The pellet 
was washed with 10% ethanol, dried in a vacuum and resuspended 
in TE. The DNA (lOug) is then cut with 5 units of the 
restriction endonuc leases EcoRI and Kindlll for three hours 
at 37°C in 50mM Tris-HCl pH 8.0, lOaM MgCl 2> 100mM NaCl. The 
fragments are run on a 1% agarose gel in TAE buffer, stained 
with ethidium bromide 1 pg/ml and visualised under UV. The band 
at approx 6.3*b (using lambda Hindlll as standard) was cut out and 
eluted. The DNA is then ethanol precipitated and resuspended 
in TE. 

The plasmid pUC8 (lOyig) is digested with EcoRI and 
Hindlll as above, phenol extracted, ethanol precipitated and 
resuspended in TE. The digested pUC8 and the 6.3kb fragment 
are then ligated in ligation buffer with 1 unit of Tk ligase 
at 1^°C for 12 hours. This is then used to transform E.coli 
JM83, and ampicillin resistant white colonies (^-galactosidase 
negative, white on X-gal medium) grown up and screened for 
the presence of the 6.3kb fragment following digestion with Hindlll 
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and EcoRl is called plH7, and its structure is shown in Fig 2. 

Plasmid plKT was used as the starting point for 
preparation of plasmids containing the other biotin 
synthetase genes. 

5 2 * Preparation of plasmids containing the BioA gene. 

The plasmid 1H7 (10 }ig) was cut with 5 units of the restriction 
endonuclease AccI at 37°C for 3 hours in 50mM Trls-HCl pH ?.0, 10 mM 
MgCl 2 » 100 mM NaCl, phenol extracted and ethanol precipitated, washed 
with 70# ethanol and vacuum dried. The plasmid was resuspended and 

iq treated with the exonuclease Bal31 in 20mM Tris-HCl pH °.0, 12 mM 
MgCl 2 , 12mM GaGl 2f 600 mM NaCl, ImM EDTA at 15°C, until approx 100 
hp were removed. The mix was then phenol extracted and ethanol prec- 
ipitated. The plasmid was resuspended and treated with 5 units of 
restriction endonuclease EcoHl at 37°0 for 3 hours in 50 mM Tris - 
^ HC1 pH 5.0, lOmM MgCl 2 , lOOmM NaCl, phenol extracted and ethanol 
precipitated. 
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The ends were filled with DNA polymerase polymerase klenow 
T Z blunt end lifted with a Bglll linker. This removes the 
foment ^ ieaving ^. The plasmid is now desisted 

.estricti^ndonuclease HindlXX. phenol 
ted a ! e t^nol precipitated. The plasmid is -suspend ed and 

e t rted with Bal31 exonuclease in » - ^ "Remove 

^ 12 aM GaCl 0 , 600 bM NaCl, 1 mM EDTA at 1^ C tor 
cfdin, 4. and the ends are filled in using « po 

. „ ,tt hwV»t is lieated and the construct 

klenow fragment. Another Bglll linker is liga 

used to transform the E. coli JM^3. 

The ^icillin resist col™** «e tested for plas^d 
gaining » B 8lII sites and - t— i PB^ - - 
^ gene is no. ahle to he insertea es " 
I^ ti „ g the Bglll fragment conta.ning ^SaL^ 
B<al- digested PHA91 or BaHI digests pM«6C ve have 
Xel for expression in yeast. This proeennre 

It 1L in Fig 3, a -r. complete restriction ~ 

^ZTZrZ tm^ent the gene airead, 
preset inlelst to increase conversion of T-«£~~ 

• to T 8 diaminopelargonic acid, me 

pelargonic acia to (,o axajiu- * t 
r «Lt is also suitable for expression m other yeasts, 

and promoters. The gene na seque nced 
the dideoxy chain termination method. The part 
contains the BamHI site (see table 2). 

»» ^ ^releases « - Bind III and . 

vith the restriction endonucleases ramn 

, Ihe trp propter cartridge is Xigated in to for. pBONl. 

t he start. The pPOKl ^^[^X^.^ 

^ « t -r^-r t'nree hours at jl o m ^ wu » 
five units of Ncol for tnree n „ A( . ted . and ettanol 

cf^u TidCl -phenol extractea ana eoi^ 
P H8.0, IOdM MgCl 2 , 50nW • ^ P ne 
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precipitated. The pellet was washed with 10% ethanol, vacuus dried 
and resuspended in klenow polymerase buffer. The ends were filled 
in with DNA polymerase klenov fragment and ligated in the presence 
of an eight base pair BamHI linker. The colonies are checked for 
5 the presence of two BamHI sites and those digested with BamHI, self 
ligated and screened for the presence of a single BamKI site. 

The plasmid pBioBFCD' is now digested with Bglll and 
incubated with the exonuclease Bal31 for 20 minutes. The 
single stranded ends are filled in using DNA polymerase 
10 klenow fragment and ligated in the presence of a Bglll 

linker. Following transformation, colonies are screened for a 
1070bp BamKI -Bglll fragment indicating the isolation of the 
BioB gene. Selection was on the basis of sequence analysis, 
the DNA samples being subcloned into M13mpl9 virus and 
15 sequenced using the dideoxy chain termination method. Clones 
with the minimum 3 ! sequence were chosen for use. The 
sequence was found to be that of JPA 272605 A8, ie as listed 
in table ?. 

By ligating the BamHI -B III fragment into Bgllldigested pKA91 or 
20 BamHI digested pMA36C novel plasmids pMAA h and 

pMA36c^ k were prepared, suitable for expression in yeast. pKA91 
expresses at a higher level than pMA36c. The insertion method is 
shown overall in Fig 5, and is described below. 
Method 

25 Clone & k from the pBioB-D series (produced by cutting plKT 

at Ncol, ligating in BamHI linker, 3amHI digest, self ligate, then 
BamHl/Hindlll and insert a trp promoter. Digest with Bglll, treat 
with Bal31 and put in a Bglll linker. The bioB gene was removed by 
cutting ^ k with BamHl/Bglll, running the digest on a mini gel and 

30 removing the small fragment. 

The strip of gel containing the bioB gene was set in the bottom of 

a 1% agarose gel and a piece of DE 81 filter paper inserted at the 
bottom of the strip and the DNA run into that overnight by electro- 
phoresis. The DNA was then extracted from the paper in 1.5 M X*C1 . 
35 ImM EDTA, phenol extracted and ethanol precipitated and dissolved ir. 
10ul water. 
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Then both the pMA91 3glII and pMA36C BamHl digests were ligated 
separately overnight at lk°C with the Baml/Bglll A h digested DNA. 
The product was phenol extracted, ethanol precipitated, resuspended : 
10ul water and 2ul used to transform competent JM83. 
5 The ligation medium below was used: 

lul pMA91 (Bg III) pMA36c (Bam Hi) 

(Bam Kl digested) 
2ul x 5 lign. buffer 
lul ligase 
10 h ul water 

Mini preps of DNA were made from the trans formants and the DNA 
was cut with BamHl /Hindi 1 1 . pMA36C A 1 * was seen to have an insert in 
the correct orientation. 

DNA was prepared from the transformants and cut with Hindlll/ 
15 BamHl to see if an insert was present, and the orientation of these 
were investigated by cutting with Hindlll and Hindlll/Bglll. 

This BioB gene will supplement the gene already present 
to increase conversion of dethiobiotin into d-biotin by yeast 
in culture- The fragment is also suitable for expression in 
2 0 other yeasts, lactobacillus and bacillus using appropriate 

vectors incorporating control sequences for expression in these 
three organisms. 

J*. Preparation of plasmids containing the BioC gene 

The gene is situated between BioF and BioD in the biotin 
25 of E.coli . Plasmid plHT(lOpg) was cut with five units of the 
restriction endonucleases Hindlll and EcoRI in 50mM Tris-HCl 
pE 8.0, lOmM MgCl 2 , lOQmM NaCl and incubated at 37°C. After 
three hours the DNA was run on a 1% agarose gel in TAE buffer, 
stained with ethidium bromide (lug/ml), visualised under UV and the 
30 band at 6.3kb cut out. The DNA was eluted from the gel, 

ethanol precipitated and resuspended in TE. The DNA is then 
digested with the restriction endonuclease Mspl in 50mM Tris- 
HCl pH 8.0, lOmM MgCl 2 , 50mM NaCl and incubated at 3T°C for 
three hours. The BioC gene is -bounded by two Msp I sites and 
the fragment is about 900bp in length. The digested DNA is run 
on an 1.2% agarose gel in TAE buffer, stained with ethidium 
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bromide (lug/ml) and visualised under "JV, and the band at approx. 

772 bp cut out and eiuted. The fragment was then ethanol precipitated, 

vacuus: dried and resuspended in TE. 

The piasmid pUCS(IOug) was digested vith five units of the 
5 restriction endonuclease AccI in 50mM Tris-HCl pH 8.0, 10mM 

MgCl 2 , lOOmM NaCi and incubated at 37°C for three hours, phenol 

extracted, ethanol precipitated and ligated vith the BioC 

containing fragment in a 1:2 ratio. E. coli JM83 was 

transformed and piasmid prepared from white amplicillin resistant 
10 colonies growing on LB amp plus X-Gal. These were checked for 

the presence and orientation of the BioC gene by cutting vith 

restriction endonucleases Kindlll and Bglll. This gave piasmid 

pBio CI. 

F las mid pBioCI (I0ug) was digested vith 5 units of restriction 

15 endonucleases PstI and Hindlll in 5QrsM Tris-HCL pH 8.0, lOmM MgCl^ , 
100 mK NaCl and incubated for 3 hours, phenol extracted, ethanol 
precipitated and resuspended in TE. The trp promoter was inserted 
giving piasmid ptrpBioC which is capable of expressing pimelyl CoA 
synthetase activity in E. coli . 

20 Piasmid pBioCI was digested vith the restriction endo- 

nuclease ?stl in 50mM Tris-KCl pH 8.0, lOmM MgCl^, 
100 mM NaCI and incubated for 3 hours, phenol extracted, ethanol 
precipitated and resuspended in TE followed by Bal31, to remove 
approximately 200 bp, filled in vith DNA polymerase klenov 

25 fragment and ligated vith a BamKI linker. BarnHI digestion of this 
piasmid now provides a cassette for the movement of this gene into 
other organisms for expression. For example into Bglll digested 
pMApl or Bglll digested pMA36C for expression in yeast. This 
procedure is shown in Fig 6. The sequence of this BioC gene is 

30 shown in table ^. 

Other linkers may be put at either or both ends of the 
BioC gene to provide a cassette for insertion into plasmias 
suitable for transformation of other microorganisms. 
5. Preparation of plasmids containing the BioD gene 

35 The piasmid piK7 (I0ug) is cut vith five units of each 

of the restriction endonucleases Bglll and BamKI in 5 OmM 
Tris-HCl pK 8.0, lOmM MgCI„ 10 OmM NaCl and incubated at 
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3T°C for three hours. The DNA is run on a 1% agarose gel 
stained with ethidium bromide (lug/ml) visualised with UV and 
the JNA in the band at 5390bp removed. 

The DNA is treated with the exonuc lease Bal31 in 20mM 
Tris-HCl pH 8.0, 12n5M MgCl 2 , 12mM CaC^, 600mM NaCl, laM EDTA 
at 15°C, ends filled in with DNA polymerase klenow fragment 
and ligated in the presence of a BamHI linker. Following 
transformation plasmld is prepared from the ampicillin 
resistant colonies and checked by cutting with BamHI in 50mM 
Tris-HCl pH 8.0, lOmM MgCl2, lOOmM NaCl and incubated at 37°C 
for three hours. Those with linker inserted then have their 
BamHI PstI fragment subcloned into M13mpl9 virus and 
sequenced using the dideoxy chain termination method. The 
start of the gene was identified and the clone with its Shine 
Delgarno sequence still intact was designated plasmid ?3iolI . 
r£.rt of the 3io_D gene is liste"" in tr-ble 5- 
The Trp and Tac promoter can be used for expression in 
E.coli by inserting these in the correct orientation in pl^ce 
of the 1Kb BamHI Kindlll fragment from pBioDI. The plasmid is 
cut at the EcoRI site, phenol extracted, ethanol precipitated, 
treated with Bal31 exonuclease in 20mM Tris-HCl pH S.0, 12 mM 
Mgd 2 . 12mM CaCl 2 , 600 mM NaCl, ImM EDTA at 15°C to remove App- 
roximately 200 bp, and the ends are filled in using DNA polyme- 
rase klenow fragment. A BamHI linker is inserted and this prov- 
ides a cassette for expression of dethiobiotin synthetase in 
yeast, lactobacillus or bacillus under appropriate promoter 
control. 

By ligating the BamHI-BamHI fragment into pMA 9 l or 
PMA36C as described above a novel plasmid for expression in 
yeast is provided. This procedure is shown in Fig 7. 
6 . ^.ion of r ^*« staining the BioF gene 

The plasmid P 1H7 (10ug) vas digested with 5 units of the 
restriction endonuclease Ncol in 5 0mM Tris-Hcl P H 8.0, 10 mM 
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MgCl 2 , 50mM NaCl and incubated at 37°C for three hours. It was 
then phenol extracted, ethanol precipitated and resuspended in 
20mM Tris-HCl pH 8.0, 12mM MgCl 2 , 12mM CaCl 2 . 600mM NaCl, 
then reacted at 15°C with the exonuclease Bal31. After removal 
of approx 2Kb the reaction was stopped by the addition of EDTA, 
phenol extracted, ethanol precipitated, vacuum dried and 
resuspended in HE. The DNA was ligated in the presence of a 
BamHI linker and transformed into the E.coli JM83 and ampicillin 
resistant colonies selected. Transformants had their plasmid 
DNA (lOug) isolated and this cut with the restriction endo- 
nucleases BamHI and PstI to indicate the length of deletion 
and then appropriate clones sequenced by subcloning into 
BamHI- PstI cut M13mpl9 virus and sequenced using the dideoxy 
chain termination method. A clone was found which had the 
Shine Delgarno sequence intact but none of the Bio£ gene 
remained 5' to this. The plasmid (lOug) was cut with 
5 units of the endonuclease PstI at 17°C for three hours 
in 50mM Tris-HCl pH 8.0, lOmM MgCl 2> lOOmM NaCl, then 
phenol extracted, ethanol precipitate: and resuspended in 20mM 
Tris-HCl pH 8.0, 12mM MgCl,, 12aM CaCl 2> 600mM NaCl, ImM EDTA 
and reacted at 15°C with the exonuclease Bal31. After removal 
of approx 1.8Kb the reaction was stopped by means of the 
addition of EGTA, phenol extracted, ethanol precipitated and 
vacuum dried. The pellet was resuspended in TE, blunt ends 
formed with DNA polymerase klenow fragment and ligated in the 
presence of Bglll linker. 

Digestion with BamHI and HindHI facilitates the insertion of 
either an E. coli trp or tac promoter. The BamHI Bglll fragment can 
be used as a cassette for the expression of 7-keto-8-aminopelargonic 
acid synthetase in a range of microorganisms including yeasts, 
bacillus, lactobacillus etc. 

The DNA sequence of the bio F gene is listei in table 6. 
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Ligation of the BamHI BgUI fragment into pMA91 or pMA?6C 
provided novel plasmids suitable for transformation of yeast. 
The procedure is shown in Fig 8. 

7 . Nucleotide and Amino acid sequence of Bio B gene . 

5 Confirmation that pBiOBla contained a functional biotin 

synthetase gene was by complementation of E.coli JM83-l^a, 
a bioB mutant constructed in our laboratory, grown on a 
minimal-ampicillin medium plus dethiobiotin. The complete 
nucleotide sequence and deduced amino-acid sequence are 

10 displayed in Table 1. 

The Bio B gene comprises 3^6 coions with a calculate* 
■protein nolecuiar weight of 33, 637 daltons. The 
value is approximately 2,637 larger than that predicted by 
Pott in et al , (1975) using S.D.S polyacrylamide gel electro- 

15 phoresis, a difference probably due to errors involved in M r 
determination by this method owing to protein conformation. 
From our data the Robson conformation for secondary structure 
of the protein (Gamier et al , 1978) gives helix h5% 9 
extended 36?, turn 9? and coil 10? whilst the Chou-Fassman 

20 method (Chou and Fassman, 1978), with its inherent overlap 

(Nishikawa, 1983), the proportions are helix 57?, extended 72? 
and turn 29?. These regions are distributed more or less 
evenly throughout the molecule in tracts of no more than 
2k ami no-acid residues. 

25 Nath and Guha (1982) suggested that translation of the 

bioB gene could not initiate at the ATG aleady defined 
(Otsuka and Abelson, 1978; Barker et al , 1981) because of an 
in-frame terminating codon, TGA, situated 73 bases downstream. 
This observation was based on dissertation material (Otsuka, 

30 1979.) which we have not seen. However, our sequence 
indicates that although a TGA triplet does exist at 
approximately that position, it is in fact out of frame. 
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Similarly, although not directly part of this work, ve have also 
sequenced the regulatory region of the biotin operon- (data not 
shown) and find TGGAGAAGCCCC immediately preceeding the initiating 
ATG of the bioB gene. This sequence is in agreement with that of 
Barker et al , (1981) but not with that of Otsuka and Abelson 
(1978) in which the GA pair (underlined) is missing. Therefore 
we reaffirm the location of the start of the bioB gene. 

Whilst attempts to purify enzymes of the biotin operon 
from E.coli have found only small amounts of protein (Krell and 
Eisenberg, 1970; Stoner and Eisenberg, 1975), suggesting that 
the operon is weakly expressed, which is to be expected because 
of the very small quantities of biotin ( -£ir lOng iT 1 ) required 
for normal grown of this bacterium, analysis of the codon 
usage does not reflect this. Although within the bioB coding 
region there is indeed an 81? base match for weakly expressed 
E.coli genes, there is also a 78? base match for strongly 
expressed genes (DNASTAR). If the same analysis is performed 
for yeast genes, then only a 73? base -natch is found. 

8. Incorporation of £. coli Bio A , B , C , D and F genes into 
other Yeast expression vectors . 

Using techniques analogous to those described above the Bio 
A. B CO and F genes were incorporated into the Yeast expression 
vector plasmii pKV^9 as shown in Fig 10. The Bglll expression site 
shown in pKV ^9 is a convenient region for insertion of the indic- 
ated gene cassettes containing the particular gene. 
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is ethanol precipitate- using 0.1 volume ?M solium acetate pH 7.5* 
2 volumes of ?5fo ethanol. left at -20°0 :'or -?0 minutes an : centri- 
fuge! at 12.000g ^or 3° minutes at k°£. 

The pellet is then washed three times with 70^ ethanol ana 
vacuum dried. The 3NA is then resuspended to 0.1 ug/ml in TS 
(lOmM Tris HC1, lmK ETTA pH v.O). The ISA obtained is cut with 
the appropriate restriction enzymes and inserted into the plasmii 
choice using standard ligation protocols. 

Thus the genes may be ma*ie suitable for expression in a 
variety o^" species, eg yeasts lactobacillus and bacillus, using 
the appropriate vectors. 

The individual gens products, following insertion of the gene 
alone or in combination, are thus ma- e available to either supplement 
the enzyme activity already present or to provide an activity which 
was previously lacking in that particular species. 

It should be noted that the start codon of the bio B gene 
as it occurs in 3. coli has been changed from GTG which codes "or 
formyl methionine in 2, coli . to ATG which codes for methionine, 
ani now allows expression of this gene in other species, particularly 
eukaryotes. 

Metho; 1 

Programme 1: 



Temi 



Time mins . 



?5 



Segment 1 


90 


2.0 




Segment 2 


55 


2-5 




Segment 3 


70 


3.0 




Chain Reaction 


X U- Buffer: 






Component 


Final Concn. 


Stock 


Amount / 1ml 
X ^ mix 


Tris HC1 pHS.? 


10.0 mM 


1.0 M 


*+0.0 uL 


KC1 


50.0 mK 


1.0 M 


200.0 uL 


MgCl 2 


1.5 "»W 


1.0 M 


6.0 uL 


Gelatin 


0.01 % 


1.0 % 


UO.O ul 


-.A?? 


200 urn 


100 mM 


5.0 uL 




200 urn 


100 mM 


= .0 uL 



2** 

(contd. ) 



Com-Donent 



Final concn. Stock Amount / 1ml X j*_mix 



: CT p 200 um 100 mi-i *?.0 pi 

^prp 50 ;am 100 mM 2.0 ul 

dc 7 GTF 150 10-OmM 15.O uL 

Make up to 1000 uL with sterile listilled water, use 25 uL 

per 100 uL reaction. 

Oligonucleoti ie Synthesis : 

Oligonucleotides were synthesiser 
using cyanoethyl phosphorami '.ite method on an Applied Biosysteir.s 
38IA synthesiser at o.2 uM scale. 

Method A 

Bio A gene from E coli : construction of cassette for 

expression in heterologous organism, 
oligo 1 = 5' gcggccgcgaattcagatctataatgacaacggacgatcttgcc 3' 
oligo 2 = 5' gcggccgcaagcttagatctttattggcaaaaaaatgtttca V 
Bio A gene oligo 1 ^/mer 2253 ug/ml 
oligo 2 U2/ner 2~06 ug/ml 
want final concentration of approximately 20 pmol 
dilute .- 

oligo 1 1:15 66 6ul of oligo + 93?-^ ul of water = 10 pmol = l^ng/ul 
oligo 2 1:21 47.6ul of oligo + 952 "1 of water = 10 pmol = 133ng/ul 

PCF 

Bu'fer 25 ul 

primer 1 2.0 ul 

primer 2 2.0 ul 

10?; triton 1.0 ul 

3NA 10.0 ul (approx 1 0 ug) 

Taq 1-0 >»1 (5-0 U) 

Water 59 Jil 

Total 10° ul 

Overlay 100 ul sterile mineral oil 

25 x cycles 

programme 1 

(DNA = biotin operon Eco/Eco 'ragment 1H7) 
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Met hoi B 

3io 3 gene f rom £. col i ; construction of cassette for expression 
in heterologous organism, 
oligo 1 = 5* gcggccgcgaattcagatctataatggctcaccgcccacgctgg V 
5 oligo 2 = 5' gcggccgcaagcttggatcctcataatgctgccgcgttgtaa °* 
Bio B gene oligo 1 44/mer 2153 pg/ ml 
oligo 2 42/ mer 2279 pe/ml 
want ^inal concentration of approxmately 20 pmol 
dilute 

10 oligo 1 1:15 66.6 pi of oligo + 933-^ pi of water = 10 pmol = 145 ng/pl 
oligo 2 1:15 62.5 pi of oligo + 937.5 pi of water » 10 pmol = 13" ng/pl 

PCR 

X 4 Buffer 25 pi 

primer 1 2.0 pi 

15 primer 2 2.0 pi 

10 JZ triton 1.0 pi 

DNA 10.0 pi (approx 1.0 pg) 

T^q - 1.0 jil (5.0 U) 

Water 59 pi 

20 Total 100 pi 

overlay 100 ul of sterile mineral oil 
25x cycles 
programme 1 

(DNA = biotin operon Eco/Eco fragment of 1H7) 
25 Metho-3. C 

Bio C gene from E. coli : construction of cassette for 

expression in heterologous organism, 
oligo 1 = 5* gcggccgcgaattcggatccataatggcaacggttaataaacaa ~\ 
oligo 2 = 5' gcggccgcaagcttggatccttactcacgagcaatcactcc 3' 
30 Bio C oligo 1 44 mer 2617 pg/ml 

oligo 2 41 mer 2163 pg/ml 
want final concentration of approximately 20 pmol 
iilute: 

oligo 1 1:13 55.5pl of oligo + 9^4. 5pl of water =? lOpmol - 145 rig/ pi 
~5 oligo 2 1:16 62.5pl of oligo + 9°7-5pl of water = lOpmol = 135 ng/pl 
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PCS 

buffer 25 ul 

primer 1 2.0 ul 

primer 2 2.0 ul 

10% triton 1.0 ul 

^ -)NA 10.0 fil (approx l.o ug) 

Taq polymerase 1.0 ul (5-0 U) 

Water 59 pi 

Total 100 ul 

overlay 100 ul of sterile mineral oil 
10 25 x cycles 

programme 1 

(DNA = biotin operon Eco/Eco fragment of 1H7) 

Methoi D 

3io -) gene from S. coli : construction of cassettes ^or 
1j expression in heterologous orgamisns 

oligo 1 = 5' tctagaattcggatccataatgagtaaacgttattttgtca 
oligo 2 = 5' tctagaagcttagatctacaacaaggcaaggttatgt ?' 
Bio D oligo 1 (le't) *H mer 2?=1 ug/ml 
oligo 2 (right) 3? mer 229^ ug/ml 
20 want final concentration approximately 20 pmol 
iilute : 

oligo 1 1.15 ul o-" oligo = 20 pmol = 27*+ ng/ul 
oligo 2 1.1 ul of oligo = 20 pmol = 254 ng/ul 

PCE 

25 X*+ buffer 25 ul 

primer 1 1.15 ul 

primer 2 1.1 ul 

10& triton 1.0 pi 

^ NA 10.0 ul (approx 5.0 ug) 

•^0 Taq polymerase 1.0 ul (5.0U) 

water 60.75 ul 

total 100 ul 

overlay 100 ul o^ sterile mineral oil 
25 x cycles 
programme 1 

(:3NA = biotin operon Eco/Eco fragment 0+ 1H7) 
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Method F 

Bio F gene from E. coli : construction o~ cassette 
"or expression in heterologous organism. 

oligo 1-5' aagcttggatccataatgagctggcaggagaaaatcaacgcggc /' 
5 oligo 2 = 5' cagctgcagatctttaaccgttgccatgcagcacctccagca Ql 

Bio P gene oligo 1 ^4/mer 20**0 jig/ ml 

oligo 2 ^2/mer ^000 pg/ml 

want ^inal concentration o* approximately 20 pmol 

dilute: 

10 oligo 1 1:14 71.5pl of oligo + 92^.5 }il of water - 10 pmol - l45ng/,ul 

oligo 2 1:22 ^5.5^1 of oligo + 95^.5 yl of water = 10 pmol = l~8ng/pl 

buffer 25 pi 

primer 1 2,0 pi 

15 primer 2 2.0 pi 

10% triton 1.0 pi 

DNA 10.0 p.1 (approx. l.Ojig) 

Taq polymerase 1.0 ( ul (5-0 U) 

Water 59 pi 

20 Total 100 pi 

overlay 100 jxl o^ sterile mineral oil 
25 x cycles 
programme 1 

( *)NA = biotin operon Sco/Eco fragment of 1H7) 

25 
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Table 1 

E.coli Bio B gene with sequence mo 4 i^ied 
for Yeast, 



rr ^ tr , tagac raagatggactttgtctcaagttactgaattg7tcga 50 
SaaIccattgttc^ 

^rTTCGACCCAAGACAAGTTCAAGTTTCTACTTTGTTGTCT ATCAAAACT 1SU 

isJ GG^CTTGTCCAGAAGA^^ |£? 
2*1 GACTGGTTTGGAAGCTGAAAGATTGATGGAAGTCGAACAAGTTTTGGAAT 25u 



CTGCTAGAAAGGCTAAGGCTGCTGGTTCTACTAGATTCTGTATGGGTGCT 
GCTTGGAAAAACCCACACGAAAGAGACATGCCATACTTGGAACAAATGGT 
TCAAGGTGTTAAGGCTATGGGTTTGGAAGCTTGTATGACTTTG^GTACiT 



300 
250 
>+00 



£51 

If A TGTCCGAATCCCAAGCTCAAAGATT 
451 AACCACAACTTGGACACTTCTCCAGAATTCTACGGTAACATTATTACTAC SU'J 

550 
600 
650 

651 AigTSTTCCAgMHH'-^^ 

;i -fiGAATTATGATGCCAACTTCCTACGTTAGATTGTCCGCTGGTAGAGAACA SCO 
7 Si?GAACGAACAAACCCAAGCTATGTGTTTCATGGCTGGTGCTAACT^ BSO 




gr.i AATGAACGAACAAACCCAAG 

85 1 TCTTCTACGGTTGTAASTTG^ ^ 

9 a i G 

951 CTTGGCT3G 




1 OO 1 



CTCCAGATAC7GATGAATACTACAACGCTGCTGCTTTGTA6 



900 
950 
1 000 

1 O^ 1 
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Tkble 2 



>E EI OA GENE I-F g.:si: ; DMA SEGJEKCE , tEF:!v£D A«SnC AC 1 1- SE3UE:iCE AND 
r=:M=r- usEI 7G CGNcTr'JCT THE SENS ~AEEE"E. 

= ::?.! 

\ / 

^r^TnrAspAss:^^ 

AC:TC"CCTCTGCCc3TTTATCCS5T5GT3A5CGCCSAAS3TTGCSA^CTG^TTTTG': t 

r * * ~* 

"r-rcerrr- euPrtVci T vr?rcV=iV=:=£rAi5Eii;3!yCy£GiuLsii: ielsuSer 
GACBGEAGfiCGCCTScT7SAC£GTAT6TCGTCCTSGTGB£CGGCSATCCfiCB'3CTKChAT 

r r * + * 

AspGiyrtrgArgLeuyaiAspSiyKetSsrSsrTrpTrpAUAIalisH 
:;::CG:rG:7TAA7GC9GCSA~AAG~CB;:AA^ 
rf:sPr:-:riL*^Alaf :ato^ 

:-::::733ArG:G7T7~r:^ 

SI-Pr^suGluCy^^ 

A AAA ! 5 1 C G7 7 SC A G 7 AC 7 GG C A AGCC A A ASSC £ A ASC G C G C C AG £ G 7 7 7 7 C 7 B A C 1 7 7 ; 
Lys«siAlaLeyeir:7y-7rp£^^^^^ 

CGCAiTGGTTATCiTGGCGATACCTTTGGCGCGATGTCBGTGTSCSATCCSBATAAC::: 

* A * * f ----- 

ArgAsrciyTyrHisSiyAspTh^ 

ATGCACAS7C7GTGGAAAG£C7ACC7BCCAGAAAACC7G777GC t CCCGCC:CGCAAAG: 
*. * * - — 

rietH:£5£rLeu7rplysG!y7yrLeu^^^ 
CG:A7G£fi73G£SAA7SG£ATGA3CEC5A7A7GGTG5G^ 

_ r t - 

Ar^HEtAspSiveiuTrpAspSIuArsAspHetVslSlvfheAUfircLeuRet'MaAis 

CA7CG7CA7GAAA7CGCGGCGG7GA7CA77BA5CCGAT7G7CCAGGGC5CAGGCGGGA7G 
. • * * + 

h i £ A^ gH i s5 i u li s A i 5 Ai a 1 1 1 e 1 1 eG I «j?t ! I e Va i G I »£ ! A ! i vE i vr s : 
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Table 2 (contd. ) 

:s:i. T r-Ti.::i!::i^;?:-r7^^^ 

t:c-:ti3^ttg:::vACC-agatc.=;cact5Gatt-g:-tc-:^ 

5AA:ATSiA2ftAA!CS^ 

6-«r:rTT T c:scCACSCTCfeCC6£SCSCGAS6TT5Cft5AA«CATC6STAACS5TSAA 

* * * * ♦ " + " 

-.6tThrL«S«rAUThrLeuThrThrAroGluValAU6!uThrI!tSerAsnS!rGl8 

GCCSSTTSCTTTtTSCfeTSGSCCAACTTTTATSSSCAATCCBCTSSCvTGCSCSSCASCA 
AUiiyCytPftersiKaSsyfT*-^^^ 

«A:SCC4GC:TSSC3ATTCTCSnATCTGGCGACT5SSA5-:AACAS3T6G-:S5f-TATT6AA 

r r- -— — - 

■ AsTAUSsfUuAisnsLsjslLisrSh'AspT^ 

STACA3:TcCSCrASCA^TTSCC::C5CCGST8AT3 ; :C5AAAT3£TT3CCSAT5T5CG-: 
- --- 

GTACTS8S82CCATT5;:sT32T:3AA,:CCACTCATCCHTSAATATS6CSS:SCTS:AA 
y 8 i:_seSlyAUI:5th¥i:Vil31u ? ^ 

^A-TCTTTSTC3A4CAs3s-ST:t:-5A*:CS3CCT7TT8SCAAACT3A-TTACCT5AT5 
::5CCCTATSTTATTCTC:CS-:Af,:A2TT3CA5C6T€T5ACC6CASCS6TTAACCSCaC£ 

i . * • 

fTsPrcTy-!]«:iSiev?r&3sri>igu3!nAr8L«cThrAisAiiV8:AsaAr?AU 
5T«A3SAT3A;ACfeTTTTTTT5:CAATA*8«tcta»9£tt5cg§cc§c 
ViiS:ftAss5!uThTPr.ePb£Cy£G!r.£ni Scii: HinsSIIl 

start 

Siist-t 4««r at tUrt GCSSCCSCSAATTCASATCTATWTSACAACSSACSATCT'SCC 

* 

:- : =*^>- 



Table ~' 

THE rIGr GEia 3r = :; jKA 3E2UEN3E , 3E=IVE3 A03 A3I3- EEG^CI 
?*■?■£&■= L'riL 1 " :.?■::.• = ;»:■ *r : E GE'iE 3AEEE7 T E. 

£:■:=« E::il 

^UHiEArePrc-ArgT^ 
CT5=A-CT:-CTSTTT£Afi3C5Crt3CA55T5CKTCSCC 

. * 

LsuAasLeuLeuPheS^ 

CfiSGTChSCACSTTGCTSTCSATTAASACCsSAGCTTGTCCBSAAGATTGCAAATACTSC 
GinValGerThrLeuLeuSerlis^ 
CCGCAAA33T33CSCTACAAAA£CG3GCTB^^ 
Frc8:riSrrc£rAre7yrLvs T hrG:yL^ 

G T 3* C T B5 AG T C GG C 5C 6 C A A A 3 A A AG C 5 1 C AG G - T C S AC ; 3 C £ 3 T T I T G T A T : 3 3 c I G C G 
VslLe^ijEs-AUArcLys^ 

GC3 r 33AA£AAT3CCCAC3HAC3CGATA'GCC3TACCT35AA3AAAT3cTG:AG3S3GTA 
- + * r r + 

A 1 * T r t L v • A e *:Ft t H i sS I u A r 2 As p s t P r c T y r l eiiG 1 u 3 1 r^s t v a i •? I nt 1 y V a I 
A A A 3 1 -3 A T G 3 G G C T G 3 A 3 G C £ TG T A T G AC 5C T 3S £ 3 AC £ T T G A G T 5 A A T C T 3 AG G C 3 £ A t 

-- — -*--- — ------ — r — r 

L.sAls^vGiyLetG^ 

C3:C^aC3AAC3CC3S33TG5ATTACTACAAC3ACAACCT£SA3ACCTCG3CGGA3T-T 

--r +- * 

A r cLeu A i 5r £ r;A i £^ 1 /L e-j .-.= ; T v T y r As nH i s As nLsu A rp Th r S s r P r t G i uPh e 
TA35GCAATATCATCACCACAC3CACTTATCAG3AACGCCTC3ATAC3CTGGAAAAAGT3 

• 1 * * r 

TvrG:vAEn!l5l!5ThrTr:rAr5ThrTyrGlnG!iiArcLeuA5p'hrLeuGliiLv5V5i 
CGCGATGCCGGSA'CAAAGTCTGTTCTGGCGGCATTGTGGSCTTASGCGAAAZGGTAAAA 

r * + * 

A-flAsoAiaSlylleLvsy&ICvESerGivBlylleVaiSivLeaSlvSluTh 

GA-CGCGCCGGATTATTGCTGCA-l'GSCAAACCTGCCGACGClGCCGGAAAGCGTGCCA 
— r — - -* — 

fes^ArgAis-iyLe-jLeuL^ 

AT 3 A AC^ T 3 1 T 3 3 ~G A A3 GTG^ A AG G -3 A 33 3 C 3 C T T 3 3C 3 AT AAC 3 A" 3ATG*33A*3ir 



'fable ? (contd. ) 
T7-5tTTT-ATTCSCKCftTTSC£=TC5CSC£5ATCftTBA-sSCAft£CT 

- — r r - • 

s-rgi^hglieArgThr^^ 

CTTTETSKSGACSC^^ 

L^SerAiaGIyArsSIiiGl^ 

S:aAACT:3A t TTTCTAC«7T^ 

AUAs^sriiePhsTyrclyCysLysLeuLB^ThrThrPreAs 

SACCTSCAACTBTTCCsCAAACTGSSGCTAfiATCCSCAGCAAACTSCCGTSCTSGCAGSG 

» * «• -+ ♦ * 

A5BLfiuGlnLeuPheArgLy5LBuGlyLeuA5tfro6lnSlnThrAIaValLeuAlaG!y 

SATAACGAACAACASCAACGTCTTSAACASGCSCTSATGAECCCEGACACCSACSAATAT 

* * * * * + 

AspAsnSiuGIrtGlnSi^ 

TACAACGCGGCAbZATThTGAccatcciSwCttc:??::?: 

_ * \ \ 

TvrAsnAIeAlaAiaLeuEp.C BaaK! Hindi!! 



Ecc-RI Ecll! 
/ •* start 3' 
Uw . it start GCGsCCGCGAATTCAGATCTATAATGGCTCACCGCCCACGCTBG 



G C G 5 1" C -3 C A A 8 C T T £ fc A T C C TCAT A A T G C T £ C 2 G C -3 T T 5 T A A 

\ 

Hiridlll SaaHl 



^5 
Tkble U 

'it HE! GE!-:E : r =.-::::: =Ej : J£;ME» DEriVED AOC AC::* EE-?jE'-:CE AN I 

::-e: t: ::m".:t the gene cpesette. 



■::;-;::;::3i:::ccs^:E^^^^ 

gageaacatseasateta^ 

GliiGlriKisAisAiiLeucIr^ 
lGTAAATACACCCAiGTACTGGACGCGGGTTETGGA^ 

T * * * *- * 

EE^AAEGTCACGESEAGGTGAIGGCCTTAGsTCTCT^ 
ArcE;i:hrgr;=~;;E;f:V£i7hrAl^ 

CG E I AG Ah ■* -3 ^. T C'C C*3C AG A I C ATT A TC T£G C 5G= Ac AT AT CG« AT C-CC T GC C5T T ASCi: 

--cSInLVr-sSAiiAiarSpHisTy^^ 

ACTGCGACG-TCGATCTT5CAT5GAGCAATCTCGCASTGCAGT5GTGCSGTAATTTATCC 

- r — * * * 

T"AisTfrrr.eA=:-.suAis^ 

AIGSCAETCGGC GA EC T GTATCG EG T 5 £ TGCS C G C C A A AG GC G T5G T G GC G T T T A C C A C G 

T-j-risLeur-cGI-iLeL-TyrArgvalValArsFT-jLvs 

:tgg-g:a:-:-sat^^ 

t - * * ? 



L5ji-5lG:nclyS6rLeu?r:.3i'jLeuK2s£inAisTrp£ 
CATGCTAA-CGCT'TTTACCGCCAGATGAAATCGAACAGTEGCTGAACGGCGTGCATTAT 

• .i r r r 

caaeateatattcae::catcacg:tgtsgtttgatgatg:gctcagt5CCatgcgttc^ 

t ---- » * * r 

SlnHiEh-sneG^roMs^ 



°6 

Tkble *f fcontcO 
TC^nSCAGCSATTSCAACTSGCCTS^^^^ 

• * T * * A " 

T A ~ C ; T C 77 T 77 ? T 53 S A r 7 SP 7 7 ^ 

* * * * »■ 

TtfrHisLsuPrifiLeuSlYVsillsAiaArgeiuEnd 322HI 



EcvR! Es-sH! 
5 : / / start 3 ? 

n^-,i ^c,- at = :a r: 3C53CCSC6AATTC6SATCCATAATKCAAC5STTAATAAACAA 



5 ? / / s-top 2 

*i £5 r at start S:5£CC=CAA5CTTSSATC^II£CTCACGASCAATCACTCC 



^7 
Table 5 

r H r ;jOD GENE C = E.ccli: IHA SEQUENCE* DEFIES A*!!10 ACID SEQUENCE ANT 
z(\*i?r z use: Tl CttETF-" THE EE:jE C;:EE" t E. 

E::-ri Ess*; 

tcT^£itt-^£:cc = t=i-SAGT^AC5TTATTTTGT:ACC5^AC^HTAC^ 

SstEs'LvsArcTy^^ 

:B:sca:7-T!a»askkaaa8^ 



CysAULsuLeuSIr*}^^ 

C-CCTCTGGCASCSAAAAGACCCC5EAAGSTTTAC5CAATA6C5ACECBCT5GC6TTACAG 
AIsSsrSSySerGiuLysThrFroSluGlyLeuArgAsnSerflspAlaLfiuAULeuBlr, 
CsCAACASCASll t GCA5CT3SATTAEGCAACA5TAAATCCTTACACCTTC6CASA 

ArcAssSsrSerLsu^^ 
^■•CGCCGCACATCATCAECSCGCAAGAGeG 

~- + * * 

ThrSsrPrc^jsiir:^ 

G£CG5A7TACSC32GC'TGA^^^ 

— t- * -r — * + 

AlaSivLeuArc^eu^ 

TBGTT'ACGCCGCTTTCTGACACTTTCACTTTTGCAGATTGGGTAACAChGGAACAACTG 

*— + *— 

T r:Pn=Thr?rDLsuSerAs: T hrPheTh^ 

CCc3T^T<CT5GTA3TT5G'GTGAAACT:G3CT5TATTAATCA£GC£ATSTT6ACTGCA 

a r + * * 

PrcvsillsLsaVsivalSIyvelLysLeLGlyCysiieAsn 
CPGBTAATACAACACcCCGGACTGACTCTGGCGGGTTSGGTGGCBAACGATGTTACGCCT . 



GlrteilisGlriKssAiaShl^ 



3^ 

T T ' 

?rc5>Lv£ArerirK:iS3tTvfH«tTh-^riean.rfir8SetnePrshU?r:.L65i 

--r -* ■■ 

fessi-safeisLsuLsBERB Be:!! Hiwsill 

start 3' 
Gn-M «latr et mri 7ETASAfi77CGGATCCA?A?TSAGTAAACSTTATTTTE7CA 
/ / / 
Kbai E:oR! Baefi! 

r stos y 

.v ;i8; o 3Sser it rnc TCTASAAGCTTABATCTSAnCrAGGCAASSTTTATST 
• ts: 5:111 



Table 6 

THE 5IC-? £EME OF E.c:Oi: DMA SEQUENCE. DERIVED AttiHC All: =EQlZME AKL 

-rikere l:se: t: :j::stkjct the gene cassette. 

Sash: 

:ttggs:::suftTGA5CT5£Cfii:SAShA 

r^tSsrTrpGhGIuLysIisA^ 
CSTCECCBTTATCCGETSGCGCAAEGASCC^ 

ArSHreArsTyrProVelAlaSInBiyAlaSlyArgTrpLeuVelftlaAspAspArcSin 
TATCTGAACTTTTCCABTAACBATTATTTASGTTTAAGCCATCATCCBCAAATThTCCGT 

<i> * + * r — +« 

TyrLeuAsnPhBSerSerAsnAspTyrLeuBlyLeuSerHisHisProGlnllfilleArc 
t:CT53CA3CA=cG3GC5GA3CKATTTBSCATC5GTA3CS5:GSCTCC55TCfiCSTCASC 
AUTrpGlnSinGiyA^ 

£GTTATA£C£T££7£CATCAEGCACTaSAAGA ■ 
*„_ — «f- — * *— 

GlyTyrtsrVaiVsiHisSInA^^ 
CGGSCACTGCTGTTTATCTCTSETTTCS^ 

i. * + T * + " 

ArgAlsLBuLsuFnelieGer^^ 

GC2AAAGA£GACC3TATT£CT£C:=A:C£=:"AGCCAT5CCTCATTBCTG£AAG:T6CC 
AIsL/sGl'jAspArglleAlaAUAssAT:^ 

AcTTTAASlCCcTC"SZASCTTC£CCSTTTTs*I7CA7AACGAT5TCACTCATTT5BCECSA 

* * * r A ~ ~ 

Ser^aSsrPrcierGinLeuA^^ 
. 7TGC77GC77CCCCC7S7CCG5G£CMcCAnAT££TGS7GACASAABSCE7£77CAGCA76 

* + * -* <*• 

LSuLeuAiaSsrProevsFr&G^ 

GACGECSATAGT8CGCCACTSCGAATCCAeCAe67AACSCAACA6CACAA7SSCTSS77S 
* + + + + +— 

AspEiyAspSerAiePriiLeuArg^ 

ATGG7CGATGA7GCCCACGGCACSGGCG7TATCGGGEAGCAGGG6CGCSGCAGCTGCTGS 

+ + ♦ * * 

h£tV5lA£CH£pKlaHi5GIy7hraivVa:!iee!vSIuGiT:ElyArcEiy5erCvcTrp 

CTGCAAAAGGTAAAACCASAATTECTGSTAG^^ 



Table 6 (cont-1.) 

stsw 7.r ir tE ^2SCAGC3GTGC777GC7^^ 

SlvAIsAlsyslLeutysss^ 
;T:A:e7AC*S:;£LASTA73CC^ 

2-CA7703CAS7SA7=A3SGTSATSCfiCS^^^^ 

. * r + - *" 

TTTC-3T GC C*c t Ac T AC AS 3ATT 73CC G 7 77 AC3C 7 7 cCT G A 7 7 C A 7 GC AG CGCC A7C CA 2 

A * T -* * — 

' PrjsArgAUGiyValSin^ 

CCA77GhT7G7CGGTGATAAlAcCCG7GCG77ACAAC7GGCASAAAAAC7cC37CAGCAA 

— r * + * * 

= -;L~ :l5Ve;GiyA=?Asn£e^^ 

23"G:722G7:K:G3:3A77CS::C3CCAACCG7KCC:3CT357AC7GLBCSAC7es:3: 

- — * r + 

2;v:y=7"v=17r:rAU;^^ 

-aa:g:7aa::=ctccg:a7Gaaa76Cagga7A7:5ac:g7C7gc7S3 

L=-7"LeJrr,fAUA^is^^^ 
•2:^3:-77AA«£::t;:E;::= 




5' - 

it fiA=::7:-5;7::fi7^is;:-"G 3:;gg^aa^7:aacg::gc 
* 

V 5t50 ^ 

QhooS nEssr *t e-: CA3:7GCA5ATC77]M:CS77SCCA75Ch3CACC7CCA3CA 

;/ 

pvui: / ?st! 



